Acute hepatic injury caused by inflammatory liver disease is associated with high mortality. This study examined the role of caveolin-1 (Cav-1) in lipopolysaccharide an amino sugar, was used to inhibit cellular transcription activity to potentiate LPS toxicity, which causes liver cell apoptosis and necrosis and then hepatitis and liver dysfunction. 21, 22 Our findings suggest that deletion of Cav-1 suppresses LPS/GalN-induced lethality, the inflammatory response and hepatic injury. The protective effect may be associated with decreased expression of TLR4, CD14 and adhesion molecules in liver of Cav-1 −/− mice.
intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) in liver cells, which facilitated immune cell infiltration and exacerbated liver damage. 10, 11 Caveolin-1 (Cav-1) is a cholesterol-binding integral membrane protein and the major protein of caveolae, which function as transport carriers and signaling platforms on the plasma membrane. Cav-1 is synthesized in endoplasmic reticulum and interacts with proteins to regulate protein activity, transportation and degradation. [12] [13] [14] Cav-1 regulates various functions and signalling pathways in liver, including lipid and glucose metabolism, mitochondria biology and hepatocyte proliferation. 13, 15 A number of studies have shown an association of Cav-1 with the inflammatory response. Deletion of Cav-1 suppressed nuclear factor κB (NF-κB) activation and lung injury in mice challenged with LPS. 16 Cav-1-deleted mice showed attenuated serum secretion of cytokines, chemokines, TNF-α, IFN-γ and nitric oxide (NO) in mice infected with Trypanosoma cruzi. 17 Moreover, Cav-1 plays a key role in the monocyte-to-macrophage differentiation, and its ablation hindered CD14-TLR4-NF-κB signaling and Gram-negative bacterial phagocytosis in macrophages and mice. 14, 18 However, other data suggest that deletion of Cav-1 enhances the inflammatory response. Deletion of Cav-1 increased mortality and the production of inflammatory cytokines, chemokines and NO in mice infected with
Salmonella enterica serovar typhimurium. 19 Moreover, deletion of Cav-1 increased inducible NO synthase (iNOS) expression, NO and peroxynitrite production and liver damage in a mouse model of binge drinking-induced liver damage. 20 Hence, Cav-1 may have different roles in the inflammatory response depending on the stimulus. an amino sugar, was used to inhibit cellular transcription activity to potentiate LPS toxicity, which causes liver cell apoptosis and necrosis and then hepatitis and liver dysfunction. 21, 22 Our findings suggest that deletion of Cav-1 suppresses LPS/GalN-induced lethality, the inflammatory response and hepatic injury. The protective effect may be associated with decreased expression of TLR4, CD14 and adhesion molecules in liver of Cav-1 −/− mice.
| MATERIALS AND METHODS

| Animals
All animal experiments were approved by the Institutional Animal
Care and Utilization Committee of Academia Sinica. Eight-week-old male C57BL/6 mice (The National Laboratory Animal Center, Taiwan) and Cav-1 −/− mice (Cav1 tm1Mls/J ) (The Jackson Laboratory, Bar Harbor, ME, USA) were housed and bred under specific pathogen-free conditions. Cav-1 −/− mice were backcrossed to C57BL/6 genetic background for at least 10 generations. Genotypes of Cav-1 −/− mice were confirmed by PCR. For hepatocyte isolation, 25 mL of pellet suspension was overlaid on 20 mL 90% Percoll solution in HBSS and mixed by gentle inversion and centrifuged for 5 minutes at 80 × g, 4°C. The pellet was washed twice, and purified hepatocytes were cultured in William's E medium supplemented with 10% FBS, 100 U/mL penicillin and 100 μg/mL streptomycin on Falcon cell culture dishes. The viability of hepatocytes was typically greater than 95% by trypan blue exclusion assay.
| Quantitative real-time PCR and RT-PCR
Total RNA from whole liver was isolated by use of TRI reagent and underwent cDNA synthesis with oligo-dT and SuperScript III reverse transcriptase (Invitrogen). The cDNA was used for RT-PCR and quantitative real-time PCR amplification with the TaqMan probe-based real-time quantification system (Applied Biosystems, Foster, CA, USA) with the primers listed in Table S1 .
| Histopathology and immunohistochemistry
Excised liver tissue was fixed in 10% neutral buffered formalin and embedded in paraffin. Sections (5 μm thick) were affixed to slides, were measured by ELISA kits.
| Western blot analysis
A total of 30 μg cell lysates or nuclear extracts was resolved on 8%-12% SDS-PAGE and examined by Western blot analysis as described. 12 β-Actin was an internal control. All immunoblotting analyses were repeated at least three times with similar results. The protein levels were quantified by densitometry (Gel Pro v.3.1, Media Cybernetics).
| Myeloperoxidase activity assay
Myeloperoxidase (MPO) activity was used as a marker for neutrophil accumulation in liver samples. Mice were killed, and livers were dissected and perfused through the left ventricle with 20 mL PBS, snapfrozen in liquid nitrogen and stored at −80°C. MPO activity was measured as described. 28 In brief, 50 mg liver tissue was homogenized in 50 mmol/L potassium phosphate buffer containing 0.5% hexadecyltrimethyl ammonium bromide and 5 mmol/L ethylenediaminetetraacetic acid. After centrifugation at 12 000 × g for 10 minutes at 4°C, the supernatant was incubated in 50 mmol/L potassium phosphate buffer containing the substrate H 2 O 2 (0.0005%) and o-dianisidine dihydrochloride (167 μg/mL; Sigma-Aldrich). The enzymatic activity was determined spectrophotometrically by measuring the change in absorbance at 460 nm over 3 minutes.
| TUNEL assay
Apoptotic hepatocytes were detected with the in situ terminal deoxynucleotidyl transferase-mediated dUTP nick-end labelling (TUNEL) method by use of a TUNEL assay kit (Roche Co., Germany).
Liver sections were treated with a mixture of terminal deoxynucleotidyl transferase, digoxigenin-labelled dUTP and dATP at 37°C for 1 hour and then incubated with peroxidase-labelled anti-digoxigenin Ab solution for 30 minutes. Liver tissue sections were analysed by nuclear staining with 500 ng/mL 4',6-diamidino-2-phenylindole (DAPI) for 10 minutes at room temperature.
| Caspase-9 activity assay
Excised liver tissue was homogenized in T-PER extraction buffer (Thermo Scientific). Caspase-9 activity was measured by use of an ELISA kit (Chemicon).
| Measurement of NO release
Liver (20 mg) was dissected and homogenized in PBS and then centrifuged at 20800 × g for 10 minutes at 4°C. The accumulation of nitrate and nitrite, stable metabolites of NO, in liver lysates was determined with Griess reagent as previously described. 29 
| Statistical analysis
Statistical analysis involved one-way ANOVA followed by the Fisher least significant difference multiple-comparison test, as appropriate.
The Mann-Whitney U test was used to compare 2 independent groups. Results are presented as mean ± SEM. P < 0.05 was considered statistically significant.
| RESULTS
| Deletion of Cav-1 attenuates LPS/GalNinduced lethality
Hepatic Cav-1 was induced after LPS/GalN injection in WT mice.
Cav-1 mRNA level was up-regulated at 1.5 hours and markedly increased in WT liver at 4 hours after LPS/GalN injection ( Figure 1A ).
As well, Cav-1 protein level was up-regulated in WT liver at 6 hours Because NF-κB activation is responsible for LPS-induced inflammatory signalling, 31 we examined NF-κB activation by LPS in hepatocytes. Nuclear p65 levels were up-regulated in WT hepatocytes with LPS induction, but the level of nuclear p65 was not significantly altered in Cav-1-deleted hepatocytes ( Figure 6F ). Thus, deletion of Cav-1 hindered LPS-induced NF-κB activation in hepatocytes.
| Deletion of Cav-1 suppresses LPS/GalNinduced iNOS expression and NO production in livers
We examined mouse livers to determine whether deletion of Cav-1 hindered iNOS induction and NO production, which are implicated in LPS/GalN-induced hepatic injury. 32 At 5 hours after LPS/GalN treatment, the mRNA and protein levels of iNOS were markedly upregulated in WT livers (~190 and~22 times, respectively); however, this induction was significantly reduced in Cav-1 −/− mice (~5 and 1.8 times, respectively) ( Figure 7A,B) . In parallel, NO production was markedly induced by LPS/GalN in WT livers but was attenuated in Cav-1 −/− livers (~36% of WT) ( Figure 7C ).
| DISCUSSION
This study demonstrates that deletion of Cav-1 markedly suppressed the LPS/GalN-induced inflammatory response, alleviated liver damage The function of NO in the liver during sepsis is controversial. NO has a protective role after partial hepatectomy 39 or TNF-α/GalN treatment. 23, 40 However, high NO production generated by iNOS is a major source of reactive nitrogen species, which can damage a wide range of cellular components in liver during septic shock. 41, 42 Inhibition of iNOS activity by Cav-1 protected against binge drinking-induced liver damage by suppressing reactive nitrogen species production. 20 Deletion of iNOS protected mice against LPS/GalN-or 
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